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Atfirstglance,theconceptofdensityiswonderfully
appealing to planners because it is objective, quantitative, and neutral. What more could one ask for? However, on second and third glance, it becomes clear that density is a very complex concept. Some of the complexity is inherent to the nature of the phenomena associated with density, but some of the complexity stems from the different ways in which density is defined and used in different countries and different disciplines. The topic of density is cross disciplinary, as reflected in the fact that the authors and publications surveyed for this article come from planning, urban design, architecture, environment-behavior studies, transportation, economics, sociology, psychology, anthropology, and ecology.
The purpose of this review of the literature is to present this complexity, thereby contributing to a better understanding of the concept and a more careful approach to its use. The article includes academic literature that deals with density and planning documents gathered from both readily available published sources and from colleagues in various parts of the world in which density is an issue that is specifically addressed.
1 These planning documents demonstrate how the concept of density is addressed in practice. Regrettably, this review focuses almost completely on the literature available in the English language. This is particularly unfortunate with regard to the planning documents used as examples. As a result, these examples are in no way a representative sample. Nevertheless, something can be learned from these documents by seeing what issues are addressed and what approaches are adopted as long as we are careful to make no generalizations other than that there are both commonalities and differences within and between countries.
There is no consensus on most of the issues raised in this article; thus, the article presents some of the relevant pros and cons on each issue. Some of the differences in opinion, or in results, are functions of different "locations", whether those locations are physical, cultural, or professional. Other differences are a function of the nature and complexity of density-related phenomena, which no one approach or single study can address or encompass.
The topic of residential density intersects with so many other issues that to do it justice one needs an Internet site. Virtually every concept or issue requires or justifies a detour that involves an in-depth elaboration and expansion into its own literature and into related literatures. However, this is not possible within the pages of a journal article, so this article highlights the relevant issues and the debates surrounding those issues. It cannot be my role to resolve these issues and debates; rather, I make their complexity explicit and visible. These density-related concepts or topics include urban form, city size, preferred building or settlement type, site design, economic issues and policy, zoning and other land use issues, social issues and values, women's issues, children's development, cognitive and perceptual processes, stress, sustainable development, compact cities, street and transportation systems, conflicts between public transportation and the private car, urban sprawl, environmental quality policies, and the role of professional planning and government in setting density standards.
Three concepts are used to address the issue of density and how density affects people's lives: density, perceived density, and crowding . Density is a term that represents the relationship between a given physical area and the number of people who inhabit or use that area. It is expressed as a ratio of population size or number of dwelling units (the numerator) to area units (the denominator). Density is an objective, quantitative, and neutral term. It is neutral in the sense that one cannot know immediately whether a given density level is positive or negative. Psychologists distinguish between spatial and social density. Spatial density is created by a given number of people within different size spaces. Social density is created by different numbers of people within the same space. The argument is that these two types of density are experienced differently (Baum and Paulus 1987; Russell and Snodgrass 1987; Altman 1975 ). This distinction is similar to Hitchcock's (1994) analysis of the difference between increasing density by reducing residential land area for the same number of people or by increasing the number of people in the same residential land area.
Perceived density and crowding are based on the principle that the same density can be perceived and evaluated in very different ways, by different people, under different circumstances, in different cultures and countries. Thus, even though planners operate on the level of density, they must be cognizant of the fact that people experience and live in a multilevel situation that manifests itself in interactions between density and the perception and evaluation of density.
Perceived density is defined as an individual's perception and estimate of the number of people present in a given area, the space available, and the organization of that space. Cues in the environment that represent people and their activities play critical roles in this perception of density (Rapoport 1975) . Perception is, by definition, subjective because it is determined by the individual and neutral because it does not include an evaluative component.
Crowding is defined as the subjective evaluation by an individual that a given density and perceived density is negative. Crowding is also defined as a state of psychological stress that accompanies density that is evaluated as too high (Evans and Cohen 1987; Sundstrom 1978) . It is a psychological state, the outcome of a subjective and experiential process that includes an appraisal of physical conditions, situational variables, personal characteristics, and coping assets (Baum and Paulus 1987; Altman 1975; Stokols 1972) . Thus, crowding represents a subjective, qualitative, and affective (emotion laden) experience. There is a need for a more general term than crowding for the subjective evaluation of density. Rapoport (1975) pointed out many years ago that research addresses the negative subjective aspects of density (i.e., crowding) but virtually ignores the positive subjective aspects. There has been some recent attention paid to this lacuna that hopefully will result in a term for positive evaluations of density.
MEASURES OF DENSITY USED IN URBAN PLANNING
One might assume that density, an objective and quantitative term, is not problematic, but that is not the case (Hitchcock 1994; . There is no one accepted measure of density between or within countries or even within metropolitan regions. For example, a report by Lehman and Associates (1995) points out that even between municipalities in the greater Toronto, Canada, area, there is no consistency in the definition of density. In general, density measures vary in several ways. First, different numerators and denominators are used in different countries. Some countries define density according to the number of people per given area (population density), but other countries define density according to the number of dwelling units per given area (residential density).
2 Second, a variety of land units, including acre, hectare, square mile, and square kilometer, are used as the denominator. Third, although it is common to distinguish between net and gross density, the definition of net and gross density varies from place to place (see Table 1 ). For these reasons, it is very difficult to compare the densities of different countries . Hitchcock (1994) suggests that every document should include a set of definitions for the density in question. To mitigate at least part of this problem, I convert all denominators into a common term, hectare (1 hectare equals 2.47 acres, 1 square kilometer equals 10 hectares, and 1 square mile equals 2.58 square kilometers). Where it is possible, I also specify whether the reference is to net or gross density.
The translation of population density into residential density requires knowledge about the relevant household size in a particular context (Hitchcock 1994; . Given the broad range of household sizes that characterize different countries, regions, and population groups, this is neither a simple nor an insignificant task. For example, the average household size in Toronto was 2.6 persons in 1981 (Berridge Lewinberg Greenberg, Ltd. 1991b ). In the Netherlands, the average household size ranges from 2.2 to 2.5 persons (Ministry of Housing 1996) . In Israel, the average household size for the secular Jewish population in 1994 was 3.3 persons, for ultra orthodox Jewish households 5.0 persons, for Moslem households 5.6 persons, and for Christian households 3.9 persons (Churchman et al. 1996) . In Singapore, the average household size in 1984 was 4.4 persons (Wong and Yeh 1985) .
Population density gives a better idea of the numbers of people likely to make use of the area in question.
Residential density provides an indication of the number of dwelling units in that area. However, residential density and population density both represent averages; therefore, any discussion of density must beware the pitfalls of averages, especially when the area of concern is large (Hitchcock 1994) . As an example, Loo and Ong (1984) reported that the average population density in San Francisco was 183 persons per hectare. Yet, the variance between neighborhoods was tremendous, with part of the range in density from at least 86 to 1,838 persons per hectare. The same problem
The Concept of Density 391 Parcel density (net-net density, Parcel density is measured in areas designated for residences. The two main ways to net site density, net density, express this density are dwelling units per area and floor area per area. In some cases lot density) (Toronto, Israel, some regions of the United States), the measure consists only of the number of dwelling units built on parcels allocated for residence-it excludes roads, parks, and other public lands (Alterman and Churchman 1998; Berridge Lewinberg Greenberg, Ltd. 1991b; Wentling 1991) . In the Netherlands, net density includes neighborhood-related spaces such as the land of the houses, schools, local streets, and local parks (van Andel 1998). The measure of floor area per area density is expressed in the ratio between the floor area and the lot area, both expressed in square meters. This measure is especially useful when the same parcel consists of land for residential and nonresidential purposes or in areas of high density and large buildings. Since the parcel density denominator is precisely defined, in contrast to other density measures, it is the most unambiguous measure. Street density (net density)
This measure includes the area of the public street rights-of-way that provide access to the residential parcels. The prevalent numerator is the number of dwelling units, whereas the denominator is typically the parcel area plus half of the public rights-of way adjacent to the residential parcels.
Gross residential area density
This term expresses the living space of the population in the residential area, including (gross site density, residential both private and public space. This measure is useful because many residential areas density, residential area density, include a limited variety of nonresidential uses meant to serve the local residents, such gross density, gross living area as parks, schools, community centers and so forth. It takes into account the space density, neighborhood density) needed by a given residential population, when all the residentially related uses are taken into account, in addition to public streets and the residential parcels. Gross residential density is the most ambiguous measure, because some neighborhoods may include land for purposes that serve a wider population than that of the specific area, for example, zoos, theaters, and so forth. Wentling (1991) , for example, defines gross density in parts of the United States as the number of units per acre of initial undeveloped site.
Density measures beyond
Since the denominator in this measure includes the entire municipal area, it will reflect residential areas ( population the lowest density mentioned so far, because the municipal region includes land that density, community density) has other than residential uses, as well as undeveloped land. Hitchcock (1994) points out that as the amount of undeveloped land differs from city to city, it is difficult to compare the density of different cities whose density measure is based on dwelling units. On the other hand, Berridge Lewinberg Greenberg, Ltd. (1991a) claims that two measures-gross population density and gross urban density-do not include, in most cases, undeveloped areas and that these measures are therefore useful for a comparative study of cities.
exists with average residential density, even at the neighborhood scale, because there may be a very unequal distribution of units over geographic space (Evans and Cohen 1987) . This is especially true in areas with different building types. In a recent research project, Alterman and Churchman (1998) partially resolve this problem by proposing that separate residential densities be calculated for each building type (e.g., single family, multifamily, or high rise) so that the average would not mask the variability in densities between building types. Another potential problem with residential density is that local public open space may be scattered or concentrated. Although this does not change the density figure, it may have major implications, particularly for children's outdoor play opportunities (van Andel 1998; Calthorpe 1993) .
Complicating the matter even further is the fact that density is often confounded with other variables such as population size and attendant levels of resources, especially in developing countries (Jain 1987 ). Other confounding variables include building type Baum and Paulus 1987; van Vliet 1985) , suburban or inner-city locations (Shlay 1985; Michelson 1977) , socioeconomic status (Shannon and Cromley 1985; Shlay 1985) , and other stressors such as noise, heat, and pollution. As a result, many of the statements made about the problems associated with high density may actually be a function of these other variables or of the interaction between these variables and density.
The connection made between density and high-rise housing is particularly instructive. Although high-rise buildings are intuitively associated with high residential density, there is no necessary relationship between the two (Michelson 1977) . For example, a study conducted by the Tel Aviv Town Planning Department showed that high-rise buildings do not necessarily equal high densities. Within the city, there are areas of low-rise buildings of up to four stories varying from 80 to 240 net dwelling units per hectare; areas of eight-to nine-story buildings with net densities of 100 and 290 dwelling units per hectare; and a net density of 250 dwelling units per hectare in an area of sixteen-story buildings. A report prepared by Lehman and Associates (1995) gives examples of areas in the Toronto, Canada, metropolitan area in which net densities of between 120 to 230 dwelling units per hectare were achieved with low-rise buildings of up to five stories.
The research dealing with the subject of residential density can be divided into historical periods according to the focus of the research. Studies from the 1960s and 1970s were interested in the social and psychological ramifications of high density of mostly undefined levels. In the 1980s, density studies focused on how density affected the physical layout of a building, a neighborhood, or a settlement. Toward the end of the 1980s, ecology emerged as the new focus of interest in density research, marking a tendency that became even stronger in the 1990s.
Most studies deal with high density and its effects, but different disciplines ask different questions, consider the subject from different angles, use different concepts, and apply different methods. The attitude toward high density depends to some extent on the scientific discipline of the researcher conducting the study. Psychologists and sociologists concentrate on the detrimental effects of density. Economists, transportation experts, and environmentalists assert both the advantages and disadvantages of high density. Multidisciplinary researchers in the field of environment-behavior studies try to examine density in all its complexity and to uncover the negative and positive aspects of density in different contexts and under different conditions.
Unfortunately, researchers often refer to density in relative terms, such as high or medium density, without specifying numbers. The researchers in question are from various countries; thus, high, medium, or low densities may have very different numerical values. This variation makes it impossible to relate conclusions to the objective facts of the density in question (see Tables 2 and 3). For example, in the Netherlands, 10 dwelling units per net hectare is considered low density, and 100 units is considered high density (van Andel 1998). In Israel, 20 to 40 dwelling units per net hectare is considered low density, and 290 units per hectare is considered high density (Alterman and Churchman 1998) . Even given the differences in the definition of net density between the two countries, this is still a significant difference. It is no wonder that a comprehensive outlook has not crystallized on the subject and the significance of density. It is impossible to come up with a clear and generally accepted picture.
RECENT URBAN PLANNING APPROACHES TO DENSITY
Much of the concern with density in planning and other related fields has been over high urban density and its assumed negative effect on the quality of life of urban residents. The city has historically been perceived to be a place of overcrowding, noise, dirt, crime, poverty, disease, and so forth (Radberg 1998; Lehman and Associates 1995; Gowling and Penny 1988) . The high density existing in cities during the early period of the Industrial Revolution was seen as one of the major culprits of poverty and disease. As a result, planning controls (in Canada and Great Britain, for example) usually specified maximum densities. The planning reaction was a strong movement toward lower density housing outside of the city. In the United States and Canada, this took the form of a move to the suburbs, but in Great Britain and Sweden, it resulted in garden cities (Madanipour 1996; Gowling and Penny 1988) . The garden city movement is described by Radberg (1998) as representing decentralized urban growth. The assumption was that these relatively lowdensity residential areas would not suffer from the ills found in high-density cities and would offer a higher quality of life to residents. More recently, there have been many second thoughts on, and strong criticisms of, these trends. Environmentalists express concern about the environmental implications of low density (Van der Ryn 1986), and urbanists are concerned about the decline of the city (Lehman and Associates 1995; Jacobs 1961) or of the community (Scully 1994; Smyth 1992 ). Questions about low densities also have been posed by those who are concerned about the efficient use of land and public services (Lehman and Associates 1995) ; by feminists and researchers who argue that low-density suburbs are inimical to women's lives, especially employed women with children and single parents (Churchman 1993) ; and by sociologists who criticize the social homogeneity and the social segregation in these low-density areas (Smyth 1992; Shannon and Cromley 1985) . There are some, of course, who mention all of these problems (e.g., Calthorpe 1992) .
Although the arguments against low density are widely accepted and have been very influential in planning in the past two decades, more and more dissident voices can be heard. There are those who question the basic assumptions of many of the arguments against low density and those who contend that the analysis of the problem is wrong or that the picture is not that clear as to how to achieve desired quality of life or equity goals. Others argue that some of these goals are wrong or misguided (see, for example, Breheny 1996; Troy 1995b Troy , 1992 Gordon and Richardson 1997) .
The current planning discourse on these issues is focused on questions of the advisability of increasing residential densities or the necessity for it. Terms used in the discourse clearly reflect a point of view. For example, some speak of urban sprawl (Ewing 1997 ) versus urban consolidation (Troy 1996; Orchard 1995) or urban intensification (Jenks et al. 1996) . Others discuss reurbanization (Berridge Lewinberg Greenberg, Ltd. 1991a , 1991b , urban compaction (Breheny 1996; Troy 1996) , compact cities (Jenks et al. 1996b ; Van der Ryn and Calthorpe 1986b) , and sustainable cities (Haughton and Hunter 1994; Walter et al. 1992) . And still others talk of town cramming (City of Newcastle upon Tyne 1993; Barton 1992; Breheny 1992a ).
There are a number of planning and design approaches coexisting at the moment, each of which has its own proponents and opponents. When density is a central issue, it is perceived as a means to some end. None of the approaches can be presented here in-depth, not even in terms of density. However, I integrate the relevant principles and claims of these approaches into a discussion of the advantages and disadvantages of higher densities.
Two of the approaches, new urbanism and transitoriented development, are concerned with many of the issues raised by the other approaches. However, the motivation of the proponents of new urbanism and transit-oriented development is not that of increasing densities-any increase in density that is achieved is basically a by-product of a minimal nature. The emphasis of the new urbanism movement is on small towns. New urbanists envision towns or neighborhoods that are compact, mixed use, and pedestrian friendly (Madanipour 1996) . New urbanism has come in for criticism, for example, for its emphasis on shape and form rather than substance (Peel 1995) and for invoking the name of Jane Jacobs when new urbanist ideas are actually very different (Montgomery 1998) . In terms of the issue of density, the aesthetic, spatial, and programmatic principles of this approach are considered to be applicable in urban and suburban conditions at any density. Den- a. This is the average rate. The low ranges are 2.5 to 10, and the high ranges are 17 to 29 dwelling units per hectare. 300 Radberg 1998 sity is mentioned as a way of making walking, cycling, and public transit use viable alternatives to automobile use. Yet, increased density is not listed as one of the goals of new urbanism, nor do proponents of new urbanism mention the densities achieved when they describe their projects (Katz 1994) . The emphasis of transit-oriented development, whose principal proponent is Peter Calthorpe (1993 Calthorpe ( , 1992 , is to plan balanced, mixed-use areas with a simple cluster of housing, retail space, and offices within a one-quarter mile walking radius of a light rail system. The motivation for transit-oriented development is to improve the ills brought about by dependence on the automobile and the mismatch that exists between old suburban patterns and the postindustrial culture. The goal is to preserve open space and reduce automobile traffic without necessarily increasing density. Calthorpe (1993) defines average net residential densities of urban transit-oriented developments as 44 dwelling units per hectare, with densities of 62 to 123 units per hectare for up to three-story apartment buildings.
The vision of the compact city, embraced by the European community, has had a significant effect in many countries. Its basic principles include the intensification of the use of space within the city through higher residential densities and centralization, mixed land uses, and limits on development beyond the periphery of the city. Proponents of the compact city approach assume that concentrated development will reduce the need to travel by car, thereby reducing vehicle emissions and leading to energy savings (Thomas and Cousins 1996) . The approach combines concerns about how urban growth affects the environment and concerns about the future quality of life in urban areas (Breheny 1992a) .
There is no consensus as to whether the notion of the compact city is desirable, achievable, or even whether it is a sustainable urban form. (See Breheny 1992b and Jenks et al. 1996a for explications of many of the principles of the compact city and the questions raised regarding them.) Troy (1992 Troy ( , 1995b Troy ( , 1996 , for example, argues that the compact city approach adopted as a national policy in Australia in the 1980s (Orchard 1995) is not the best answer for the issues facing the country today. Troy's arguments are that urban consolidation is a smoke screen for other problems and that compact cities will not achieve promised land and infrastructure savings. Gordon and Richardson (1997) claim that the case for the compact city has not been proven in environmental, economic, or transportation terms, and compact cities should not be adopted as a goal because they contradict the overwhelming preference for lowdensity development. Ewing (1997) responds by interpreting compact development as some concentration of housing and some mixing of land use but not highdensity development. To complicate matters even further, Preiser (1989) argues that the sprawl pattern of urban growth, which is characterized by discontinuous development, can lead to higher densities in areas that are initially skipped over (depending on other factors); therefore, sprawl may not be such a detrimental development pattern. Goodchild (1994) , from a different point of view, questions the ability of the compact city to achieve its promised benefits. For example, he says that one cannot take for granted that the people who live in compact cities will travel more by public transportation or on foot because much depends on residents' attitudes and behaviors.
The sustainable city approach is confronted by the problem of the definition of the term sustainability, which is interpreted both broadly and narrowly. Sustainable development in a broad sense includes ecological sustainability (the continued productivity of ecosystems), economic sustainability (economic growth), and social sustainability (the maintenance of social values, traditions, and institutions) (Ewing 1997) . Breheny (1992a) reduces sustainability to the adoption of policies that minimize both local resource consumption and pollutants. Often, the terms compact city and sustainable city are used interchangeably because their basic principles in terms of urban issues are similar. One of these principles involves increasing densities on the assumption that increased densities will have the desired environmental results. However, Goodchild (1994) argues that "very high" densities have undesirable consequences in terms of sustainable development. He refers to the argument that sustainable development requires a general reduction in net residential densities and quotes Rydin (1992) , who argues that the optimum for sustainable development is thirty to thirty-five dwelling units per hectare. Hitchcock (1994) and Orchard (1995) direct attention to the fact that, on the whole, the discussion about increasing density and reducing urban land consumption concentrates almost totally on residential densities. It neglects all of the other land uses that make up a city, even though these land uses represent a significant proportion of a city's total land area. If these nonresidential land uses are not taken into account, the reduction in land consumption achieved by increasing residential density will not be as great as initially conceived because services and amenities will have to be augmented to accommodate the increased population (see also Goodchild 1994 ). Hitchcock also cautions that increases in population in individual areas of the city affect land consumption in the urban region as a whole. Thus, he argues that achieving the goals associated with higher densities must take into account numerous interactions with the larger geographic area and must examine spot, rather than average, densities. Handy (1996) in her dis-cussion of travel behavior and its relationship to density makes a similar point about not using averages.
DENSITY IN PLANNING PRACTICE
This section provides a review of the ways in which density issues are incorporated into plans in different countries and at different scales (national, regional, and metropolitan). Approaches to residential density vary within and between countries. This is an obvious necessity because of differing historical, political, economic, geographic, physical, social, cultural, demographic, technological, and ecological contexts. However, planners and decision makers all over the world are also cognizant of the zeitgeist at any given point in time and of what is being done in other countries. Thus, many of the same ideas and approaches are present in some form or another in most of these plans. Contextual differences lead to somewhat different policy goals and measures taken to achieve those goals.
Contextual factors also play a major role in motivations for focusing on density. For example, in countries such as Israel, where land is scarce or perceived to be scarce, the primary goal is to make more efficient use of land to preserve agricultural land or natural open spaces (Alterman and Churchman 1998) . Other countries that do not have a scarcity of land may be more concerned about environmental factors and sustainable development (e.g., Norway) or about economic development (e.g., Australia). Areas with little population growth, such as the City of Newcastle upon Tyne (1993), adopt one approach. Areas that anticipate a large population growth, such as the metropolitan Toronto area (Berridge Lewinberg Greenberg, Ltd. 1991a), adopt another.
A review of the various goals that national, regional, and local planning authorities are trying to achieve, and the implications those goals have for residential density, is thus instructive. A few planning documents are presented here as somewhat detailed case studies to illustrate some of the various combinations of goals that exist. These are followed by a summary of different categories of goals that can be identified in these and other planning documents.
Randstad, the Netherlands
This case study deals with national strategic planning, a type of planning in which the Dutch are considered to excel. The following description is based on research by Manshaden and de Schmidt (1992) , van der Valk and Faludi (1992) , Faludi and van der Valk (1994) , and van der Cammen et al. (1988) . The Netherlands, a small country, is the most densely populated country in Europe, with a population density of 439 people per square kilometer. The country's land policy is also quite different from most other countries, and it has manifested in interesting developments over time in terms of density. The urban agglomeration of Randstad is the most highly urbanized area in the Netherlands. Fortyfive percent of the population lives in one-quarter of the country's land area. Almost six million people live in an average density of more than one thousand persons per square kilometer (one hundred persons per square hectare).
Dutch national planning since the 1950s has focused on the "Randstad" and "Green Heart" concepts. The initial approach to these areas represented a general rejection of unbridled growth, particularly suburban growth, and an emphasis on new towns. The chief innovation of the Second Report is the notion of concentrated deconcentration. The Randstad was designed to be a horseshoe-shaped pattern of urban settlements arrayed around the Green Heart. The Randstad was subdivided into conurbations, city regions, and agglomerations, which were all separated by green corridors. In the 1970s, the Third National Physical Planning Report took the protection of the Green Heart region as its most important mission.
In the mid-1980s, the Dutch national government embraced a policy that favored a compact city approach with a focus on the development and redevelopment of existing cities at greater densities. In the Fourth Report Extra, emphasis on obstructing continuous urban sprawl, intensifying land uses in urban areas, and preserving nonurbanized space was even greater. All new development was to occur within the Randstad and to be restricted within the Green Heart. Preventing or ameliorating environmental problems was also emphasized in the report. The compact city (representing high density with as many mixed uses as possible) became the key criterion on which the plans of local authorities would be assessed by provincial and state planning agencies.
Singapore
Singapore represents a very unique case in many ways, including its large population and increasing need for land for both residential and nonresidential uses. Because of these problems, the Singapore government committed to the provision of public housing for the majority of the country's population (85 percent in the 1980s). The way this policy has developed is very interesting. Since Singapore obtained its independence, decisionmakers, town planners, and architects have expressed concern over the country's limited land resources. Net residential density (defined as dwelling units in a site or area including access roads and car parks) in public housing projects constructed during the 1960s (mainly composed of one-to three-room apartments) was between 200 and 500 dwelling units per hectare. In developments from the 1970s, which are primarily composed of three-or four-room apartments, net residential density was reduced to between 170 and 250 dwelling units per hectare. In recent years, there is a growing tendency in Singapore to build larger apartments, with the net density goal set at 200 dwelling units per hectare. This density is seen to be counterbalanced by the decrease in average household size, from 6.2 persons in 1968 to 4.4 persons in 1984. Net population density, which decreased from 1,000 persons per hectare in 1981 to 880 persons per hectare in 1985, was expected to continue to decline to 800 persons in 1990. Residential density is the foremost criterion of site planning for housing development in Singapore. Housing development primarily takes the form of high-rise (twenty-five-story point block and ten-to twelve-story slab block buildings) and high-density buildings (Wong and Yeh 1985) . The main goal is to provide a favorable physical environment within these developments.
Israel
Israel is a small country with an effective population density (effective population density deducts the 50 percent of the country's area that is mountainous desert) of more than five hundred persons per square kilometer (fifty persons per hectare). Since Israel has the highest birthrate among industrialized countries and accepts mass immigration, the nation will become even more densely inhabited in the future. Israel's use of urban land is relatively intense, and most urban residents live in apartment houses. Residential net densities range from 20 dwelling units per hectare to 290 units or even higher (Alterman and Churchman 1998) .
There is a strong consensus among planners and policymakers in Israel that the rapid depletion of land resources necessitates even higher densities. A review of recent metropolitan, regional, and national master plans reveals that this consensus has been expressed simply as a call for increased densities, without any specification of what kinds of increases may be required or appropriate. For example, the goal of the 1992 National Master Plan (Israel Ministry of the Interior 1992) was to cope with a mass immigration from the former Soviet Union and from Ethiopia. The anticipated need to absorb 1.6 million new immigrants within five years (in a country with about 4.5 million residents) set the principles that no new small settlements should be approved, that the population of existing settlements should be expanded, and that the density of existing cities should be increased within their present boundaries. However, the plan does not define the densities required to implement these principles. A regional master plan, the Master Plan and Development Plan for the Northern Region (Shefer et al. 1997 ), also does not quantitatively define densities. However, at present there is a proposal for an amendment to the plan that will specify minimum average gross population densities for different size cities in different parts of the region. For example, a city of more than fifty thousand persons in a central area of the region would have to attain a minimum average density of seven thousand persons per square kilometer (seven hundred per hectare). A similar city in a more peripheral area of the region would have to attain a minimum average density of six thousand persons per square kilometer or six hundred persons per hectare (Shefer et al. 1997) .
A recent policy was proposed to increase the efficient use of urban land for residential development. The policy included safeguards that were designed to minimize possible negative effects on residents' quality of life or limits on freedom of choice between different housing types (Alterman and Churchman 1998) . The policy proposes that each village or town be required to gradually decrease its proportion of single-family, low-density dwellings to intensify residential land use before officials can request an expansion of town borders at the expense of agricultural land or open space. The intensification requirement also ensures that the higher densities provide for the public service, amenity, privacy, and open-space needs of residents. The proposal defines low net densities as a minimum of fortyfive dwelling units per hectare and medium net densities as one hundred to two hundred dwelling units per hectare. It regards net densities higher than these as negative and not recommended.
Newcastle upon Tyne, Great Britain
The development plan for the City of Newcastle upon Tyne (1993) addresses the issue of existing and future residential densities, among other things. The City of Newcastle upon Tyne suffered for several years from population declines that resulted from young adults and young families with children moving out of the city. The city was left with a high proportion of dependent groups, such as elderly people and single-parent families, which require many support services but are less able to contribute to the local economy. A growth in the number of small households brought about an increased demand for dwellings, despite the overall drop in population. Most of the existing stock of high-density houses already had been rehabilitated and renovated in the 1970s. As land became scarce, there was a tendency toward town cramming that was manifested in higher densities and pressure for the development of land that was allocated for open space or economic activities.
The city's plan allocated areas for development in terms of the environmental capacity of the built-up area. Development that overstepped the boundaries set by the plan was seen as unacceptably damaging to the environment. The residential goal set by the plan was "to stabilize the city's population at the level prevailing at the beginning of the Plan period, by providing sufficient land for a wide range of types and qualities of housing development" (City of Newcastle upon Tyne 1993, 9). Increased density was not one of the stated goals of the plan, but it was included as one of the means to achieve the goal of providing varied and affordable housing that would meet the needs of different groups within the city's population. The plan presents a list of sites within the city in which the minimum density was set at a nominal thirty dwelling units per hectare. 3 The actual density was to be determined in the master plans of the specific sites that were allocated for new housing development. The goal for some existing local authority housing sites was to reduce density through redevelopment, yet the plan does not mention existing and planned density figures.
Other goals set by the Newcastle plan were "to work towards the long term goal of sustainability by progressively reducing both the need for energy and other natural resources, and the environmental impact caused by their use;" to improve public transportation; and to increase pedestrian and bicycling opportunities (City of Newcastle upon Tyne 1993, 13). However, none of the plan's goals is specifically linked to the issue of residential density, perhaps because officials believe that existing density levels are high enough to support these goals.
Toronto, Ontario, Canada
The 1991 proposed Reurbanization Plan for Metropolitan Toronto, Canada, consists of two parts: a study of the reurbanization process (Berridge Lewinberg Greenberg, Ltd. 1991b) and planning guidelines (Berridge Lewinberg Greenberg, Ltd. 1991a). The goal of the reurbanization plan was to accommodate three hundred thousand new residents and three hundred thousand new jobs in twenty to thirty years. Toronto has a number of advantages that facilitate this growth. Among these advantages are a vast supply of underused sites that are distributed throughout the metropolitan area and a sophisticated public transit network of buses, streetcars, and subways that reaches into every corner of the metropolitan area. One of the central goals set forth in the reurbanization plan was the accommodation of as much growth as possible within the city's already built-up urban areas. Urban density was specifically linked to several planning goals: (1) the reduction of automobile dependency through the creation of the critical densities needed for walking, cycling, and transit use; (2) the preservation of open space within the city by not allowing increases in density to occur at the expense of land for the "public realm," which consists of parks, streets, sidewalks, and other open spaces; (3) the promotion of diversity in buildings and living and working environments; and (4) the provision of a range of housing types at a full range of densities within the City of Toronto to accommodate the city's increasingly diverse population.
The Berridge, Lewinberg Greenberg, Ltd. (1991b) study of the viability of these goals for metropolitan Toronto reached the following conclusions. First, the need to preserve farmland and open space at the periphery of the city implied that development densities within the metropolitan area should always be maximized, within specified parameters. The report noted that even if densities were to double, there was no need to build high-rise buildings because maximum densities can be attained with single-family houses and low-rise apartment buildings. Second, to accommodate the expected increase of three hundred thousand residents at gross residential densities of one hundred persons per hectare, about 5 percent of the metropolitan area's land would require development. Yet, the report notes that such a density already exists in at least one of the city's neighborhoods. Third, high urban density is associated with a higher degree of walking and bicycling, but density is not the only factor influencing the decision to walk or cycle. The report notes that factors related to urban structure, especially the mix of land uses in a given area, affect these behavior patterns.
Finally, as in other cities, the use of public transportation in Toronto increases with an increase in density. Toronto's overall density exceeds the minimum gross urban density benchmark (30 persons per hectare) above which higher densities will increase the use of public transportation. However, densities vary within Toronto, with higher densities concentrated in the inner city. Some areas on the outskirts of the city, especially single-family areas in suburban neighborhoods, do not reach the required density benchmark. Increased densities in these areas would support greater use of transit. The gross densities of other residential areas range from 150 to 250 persons per hectare, which is within the high transit use range. The fact that these areas consist of four-story low-rise apartment buildings and high-rise buildings indicates that density ranges that support transit use can be achieved with low-rise buildings.
A basic premise of Toronto's redevelopment plan is that when the nature of the changed urban form is determined, residential uses cannot be treated separately from employment uses. Thus, a new measure of density was proposed: gross reurbanization density. Gross reurbanization density is defined as the number of residents and employed persons per hectare, regardless of the relative predominance of members of each group (Berridge Lewinberg Greenberg, Ltd. 1991a , 1991b . For example, a gross reurbanization density of one hundred residents and employed persons per hectare could include seventy-five employed persons and twenty-five residents or any other combination of these two groups. This density measure supports the implementation of a balanced mix of land uses in a given area.
The draft guidelines for the reurbanization of metropolitan Toronto adopt a hierarchical, multicentered urban structure, which distinguishes between three levels of centers. The gross density ranges that are recommended for each center are mainly based on levels of existing or future transit availability. Low-density centers are to have between 125 and 175 residents and workers per hectare, medium-density centers between 250 and 350 residents and workers per hectare, and high-density centers between 400 and 500 residents and workers per hectare. Regardless of density, each center is to be developed in a compact manner with densities maximized within these compact parameters. These guidelines reflect the notion that areas with mixed uses are able to sustain higher densities than single-use residential areas (Berridge Lewinberg Greenberg, Ltd. 1991a).
Types of Goals Related to Density
A summary of the types of goals that are linked to density in these and other planning documents indicates that they can be divided into goals that relate to environmental quality, transportation systems, physical infrastructure and urban form, social factors, and economic factors. Higher density goals that fall under each of these categories are listed below.
GOALS RELATED TO ENVIRONMENTAL QUALITY
Higher density goals that are related to environmental quality include the following: 
GOALS RELATED TO TRANSPORTATION SYSTEMS
Higher density goals that are related to transportation systems include the following:
1. reducing the frequency of use of private vehicles and shortening routes to various land uses (Woodhull 1992), 2. encouraging the use of public transportation by improving the quality of public transit systems and by providing easy access to mass transportation systems through high-density development (New York City Planning Commission 1993; Berridge Lewinberg Greenberg, Ltd. 1991a), and 3. increasing the incidence of walking and cycling (Berridge Lewinberg Greenberg, Ltd. 1991a).
GOALS RELATED TO PHYSICAL INFRASTRUCTURE AND URBAN FORM
Higher density goals related to physical infrastructure and urban form include the following: Planning professionals differ in their opinions about the importance of these goals and whether increased density is the right way to achieve them. Furthermore, many researchers contend that high densities have numerous negative effects. These issues are addressed in the next section.
Advantages and Disadvantages of (Relatively) High Densities
The advantages and disadvantages of high densities that are presented here are discussed in the literature included in this review. To reiterate, the level of density that is considered high varies between and even within countries, cultures, socioeconomic classes, contexts, and at different stages of development. Every aspect of high density has both advantages and disadvantages, but whether an advantage or disadvantage applies in a given situation depends on context in its most inclusive sense. Furthermore, all of these advantages and disadvantages are on some level theoretical-they represent possibilities or potentials, not certainties or inevitabilities. Whether they actually exist in a particular situation depends on the characteristics of that place and time. For example, it is quite commonly accepted that one of the advantages of a higher density is the opportunity for a high-quality public transit system. Yet, the opportunity does not guarantee that such a system indeed exists and thus that residents benefit from this advantage.
One of the problematic aspects of attempting to link density and positive or negative consequences is the tendency to make assumptions about how various levels of density affect people's lives. There is no systematic evidence as to whether higher densities affect everyone or most people the same, who is affected, and to what extent they are affected. Fischer (1976) argued that we do not even know how much of an "average" urban resident's life actually is spent in high-density situations. For example, the assumptions are often made that a person living in a high-density area encounters a large number of people in various parts of that environment, that many of these encounters are with strangers, and that these multiple encounters with strangers have negative behavioral, cognitive, perceptual, and emotional consequences. These assumptions should be taken as hypotheses that require testing rather than as facts (Churchman and Ginsberg 1984b; McCarthy and Saegert 1978) .
The pros and cons of low density are not presented here because they are the implicit opposite of the pros and cons of high density (see Haughton and Hunter 1994 for a discussion of the pros and cons of high and low density). The order of presentation of the advantages and disadvantages of relatively higher densities parallels the order of presentation of the planning goals in the previous section. There is no value statement reflected in the order. However, it should be noted that this list also includes personal advantages and disadvantages that could not be separated from social factors in the list of density-related goals that are specified in plans.
POTENTIAL ENVIRONMENTAL ADVANTAGES
1. High density can help protect agricultural land from urbanization (Alterman 1997; Burton and Matson 1996) . 2. High density results in less depletion of the natural resources needed for construction purposes (Breheny 1992a). 3. Built forms that facilitate higher net densities may result in significant reductions in energy demands (Owens 1992; Stenhouse 1992) . Energy use within buildings can be reduced by passive solar architecture, superior insulation, and energy-saving technology (Stenhouse 1992) or by built forms with low-surface areas and combined heat and power systems (Rydin 1992) . Owens (1992) notes that very different densities (ranging from 37 to 250 dwelling units per hectare) are attainable using combined heat and power systems, depending on discount rates and fuel prices. 4. Decreased pollution from vehicle exhausts can be achieved as a result of a decline in the use of cars, the mixing of land uses, the provision of efficient and accessible public transportation, and walking (Stenhouse 1992; Owens 1992). High densities have been found to be associated with lower gasoline consumption per capita (Breheny 1996; Newman and Kenworthy 1989) ; however, this is a controversial issue (e.g., Gordon and Richardson 1997; Jenks et al. 1996a; Orchard 1995) . 5. Decreased emission of pollutants may result from energy-saving land use plans and from energyefficient buildings (Breheny 1992a) .
POTENTIAL TRANSPORTATION SYSTEM ADVANTAGES
1. High density may result in a decrease in the total number of car trips (Breheny 1992a ). Nasar (1997) found lower automobile dependency scores in high-versus low-density neighborhoods. These differences were greater for older people, women, and households with no children. 2. High density may result in a decrease in the number of kilometers per trip (Bannister 1992; Stenhouse 1992; Woodhull 1992 ; Berridge Lewinberg Greenberg, Ltd. 1991b). 3. High density has been found to be related to a higher proportion of travel on public transit, to greater public transit service provision per person, and to transit use by a higher proportion of workers (Breheny 1996; Newman and Kenworthy 1989) . Increased public transit use, in turn, may reduce pollution emissions (an environmental advantage). 4. High density enhances the opportunity to use public transportation, since high density brings the development of public transportation systems to the thresholds of profitability and efficiency. The report prepared by Berridge Lewinberg Greenberg, Ltd. (1991b) adopts several benchmarks for the relationship between residential density and transit use. It suggests that 17 to 75 dwelling units per net hectare are necessary to sustain significant transit use, and 150 dwelling units result in a modal split of different transportation types in which more than 50 percent is public transit. 5. As a result of an increase in transit use, traffic congestion in residential, work, and commercial centers may decrease (Berridge Lewinberg Greenberg, Ltd. 1991b). 6. Public transit can be more energy efficient (Reid 1986 ). Handy (1996) reminds us that it is the set of choices correlated with density, not density itself, that shapes travel behavior. Bannister (1992) discusses the interaction between socioeconomic circumstances and people's propensity to travel with different frequencies, trip lengths, and transportation modes. Gender should be added to these intervening variables (Pickup 1984) . Self (1997) questions the effect that a change in density would make. He argues, for example, that a 50 percent increase in the density of Canberra, Australia, would produce only a modest increase in public transit use. 7. High density offers more opportunities to walk or ride a bicycle to work, service, and entertainment facilities (Bannister 1992; Woodhull 1992) .
POTENTIAL PHYSICAL INFRASTRUCTURE AND URBAN FORM ADVANTAGES
1. High densities may result in economies of scale that facilitate the use of better quality and more attractive building materials (Hitchcock 1994 ). 2. High density enables the use of a building complex as an element of the urban composition (Hitchcock 1994 ). 3. High density allows for a variety of densities and types of construction in a given region. Variation in density and construction, in turn, makes the environment more interesting (Hitchcock 1994 ). 4. High-density development in the proximity of public transportation lines can decrease the demand for land located further from these lines (Shireman 1992 ). 5. High-density development as infill in existing areas can revitalize those areas and reduce the pressure to develop open spaces (Berridge Lewinberg Greenberg, Ltd. 1991a).
POTENTIAL PERSONAL AND SOCIAL ADVANTAGES
1. High density facilitates the supply of a variety of relatively high-quality resources and housing, health, education, culture, recreation, and municipal service opportunities (Churchman et al. 1996; Jenks et al. 1996; Audirac and Smith 1992) and employment opportunities (Berridge Lewinberg Greenberg, Ltd. 1991b) of a quality not provided in low-density housing. This is particularly important to meet the needs of various population groups and household types and of people with different interests and lifestyles (Forsyth 1997; Lehman and Associates 1995; Churchman 1993; Wohlwill 1985) . 2. As a result of high density, a large number of services may be located within walking distance from dwellings and in close proximity to each other. This encourages walking and bicycling, thereby enabling individuals (such as children or the elderly) who cannot drive a car, people of limited means who do not own a private car, or people who would rather not use their private car to move around independently (Churchman 1993; van Vliet 1985; Loo and Ong 1984) . However, Christoforidis (1993) argues that people think in terms of time not space, so a three-minute drive may seem closer than a fiveminute walk. 3. High density makes it possible to maintain an accessible, comfortable, and frequent system of public transportation that contributes to the independent ability of various kinds of population groups (children, teenagers, the elderly, the handicapped, and those without cars) to avail themselves of resources that are out of their immediate reach (Churchman et al. 1996; Hillman 1996) . The importance of such a public transportation system is that it is an essential link between homes, services, employment, and social networks. Where such a system does not exist, or where it only fills minimum needs, the quality of life for those who depend on it is seriously affected. Women are especially affected because they usually shoulder the burden of managing the demands of family and work, among others, in the absence of a proper public transportation system (Churchman et al. 1996; Haughton and Hunter 1994 (Owens 1992) . 5. High density facilitates more activities in the center of a city, thus contributing to the city's vitality (Jenks et al. 1996; Haughton and Hunter 1994; Roberts 1978) . 6. High density may offer possibilities for social support and attachment on one hand and the potential for obtaining desired kinds of privacy (e.g., anonymity) on the other (Lehman and Associates 1995; Jain 1987; Churchman and Ginsberg 1984a; Roberts 1978) . 7. High density enables diversity in the choice of peers and associates, not only because more people are present but also because there is greater variety among those present (Churchman 1993; van Vliet 1985; Wohlwill 1985) .
POTENTIAL ECONOMIC ADVANTAGES
1. High density makes it possible to economize on the construction costs of housing units. Higher density housing clusters, in which dwelling units aggregate more closely to leave larger common open spaces, can be much more economical (Studies quoted by . High-density development reduces land, infrastructure, and building costs (Christoforidis 1993; Preiser 1992 ). 2. High density is economically efficient because it is based on dense construction on high-priced land (Ottensmann 1977 and Buttler 1981 quoted in Alexander 1993 . 3. High density affords economies of scale in relation to the public and private provision of urban infrastructure, services, and amenities (Haughton and Hunter 1994; Hitchcock 1994 ). 4. High density allows for the efficient use of land and public services yet maintains a high "quality of life" (Lehman and Associates 1995). 5. High density is more spatially and energy efficient.
It also requires less land for urban development (Lehman and Associates 1995) . (See Gordon and Richardson 1997 for a challenge to this claim.) 6. High density makes public transportation more viable (Rydin 1992; Reid 1986 ). 7. Smyth (1992) argues that 40 percent of the initial cost of development in conventional land use planning is automobile related (e.g., freeways, streets, stoplights, parking lots, driveways, garages, parking structures, and associated land). A different kind of land use planning, based on higher densities and public transportation, could reduce some portion of this cost. 8. High density (along with mixed land uses) allows for the technical and economic viability of certain energy technologies and transportation systems (Owens 1992) .
POTENTIAL ENVIRONMENTAL DISADVANTAGES
1. High density may result in the loss of open and recreational space (Jenks et al. 1996; Breheny 1992a) and thereby reduce an area's capacity to absorb rainfall (Troy 1996) . 2. High-density construction may require high energy use (Rydin 1992 ). 3. High density limits the use of some forms of ambient energy systems, such as passive solar power (Owens 1992; Rydin 1992 ).
4.
A high-density area may be subject to congestion and pollution (Breheny 1992a ). Higher levels of pollution also may occur because of reduced space for trees and shrubs that purify the air and cool the area (Troy 1996) . 5. High density reduces the capacity to cope with domestic wastes and decreases opportunities for recycling (Troy 1996) .
POTENTIAL TRANSPORTATION SYSTEM DISADVANTAGES
1. High density may lead to traffic congestion (Jenks et al. 1996; Rydin 1992) and to an increased number of traffic accidents (Troy 1996) . 2. High density may create pedestrian congestion and congestion in public transportation facilities if pedestrian and public transportation systems have not been developed to accommodate high densities (Ruback and Pandey 1992; Roberts 1978) . 3. High-rise, high-density construction may cause a major point source of congestion at the street level (Troy 1996) .
POTENTIAL PHYSICAL INFRASTRUCTURE AND URBAN FORM DISADVANTAGES
1. There is less choice as to the placement of a building on a lot when net density increases (Hitchcock 1994 ). 2. High-rise, high-density construction may obstruct views, cause shadowing, and give a visual sense of lack of proportion (Hitchcock 1994) .
POTENTIAL PERSONAL AND PSYCHOLOGICAL DISADVANTAGES
1. High density may cause psychological stress and violations of personal space (Jain 1987; Loo and Ong 1984) . 2. High density may lead to physiological overstimulation, negative health effects (Evans and Cohen 1987) , or cognitive overload because of the demands of functioning in a very dense environment (Baum and Paulus 1987) . 3. High density may lead to constraints on an individual's behavior and freedom of choice (Baum and Paulus 1987) . 4. Negative personal consequences associated with higher densities may be manifested in anxiety, social withdrawal, and a feeling of loss of control (Baum and Paulus 1987; Fleming et al. 1987; Jain 1987) . 5. High density may invoke a feeling of reduced privacy and personal security (Troy 1996; McCarthy and Saegert 1978) . 6. High density may lead to difficulty in supervising the location of children's outdoor play spaces and choice of friends (Aiello et al. 1985) .
POTENTIAL SOCIAL DISADVANTAGES
1. High density may lead to competition between groups for space and to other social conflicts (Jain 1987; Loo and Ong 1984) . 2. High density may be associated with a severing of social ties (McCarthy and Saegert 1978) , perhaps because people are less able to regulate their contact with others (Fleming et al. 1987 ). Higher density may also be related to a lower overall sense of community (Wilson and Baldassare 1996) . 3. High density (with high-rise buildings) may promote social segregation (Radberg 1996 (Mullins 1995; Rapoport 1977) .
POTENTIAL ECONOMIC DISADVANTAGES
1. Very high-density construction may be more costly than medium-or low-density construction (Alexander 1993). 2. The operational energy costs of buildings increase for taller high-density construction (Troy 1996) . High-rise, high-density buildings frequently cost more to build and maintain (Ewing 1997; Haughton and Hunter 1994) . 3. The value of land in the city center may soar as the result of high-density development . 4. High density in the city may have a detrimental effect on economic development in surrounding rural regions (Breheny 1992a ). 5. Land absorption for high-density projects takes longer than for low-density projects because more units must be sold to absorb each acre of land (Preiser 1992). 6. Higher density development in inner-city areas may require the very costly upgrading of existing infrastructure (Troy 1992) .
Considering all of these potential advantages and disadvantages, in very simplistic terms, one could recommend maximizing the advantages of high density and minimizing the disadvantages. However, this is not as simple as it sounds because (1) there is no clearcut agreement among professionals and researchers as to what is an advantage and what is a disadvantage of high density; (2) for the residents and users of an environment, one person's advantage may be another person's disadvantage; (3) at least some of the factors are not under the control of planners or politicians, including subjective interpretations by residents and users (Churchman and Ginsberg 1984b) ; and (4) subjective intervening variables that relate to the concepts of perceived density and crowding. These concepts will be described in the next section.
Furthermore, many of the statements made by planners and researchers are assertions and assumptions, not substantiated facts. This would be acceptable if these assertions were stated as hypotheses that need to be examined and tested (see, for example, Churchman forthcoming), but they usually are not. Perhaps even more problematic, many of these assertions are stated in deterministic language that says that if one does such and such in the physical environment, people will behave or feel in a particular way. Audirac and Shermyen (1994) point to an example of deterministic language in the TND ordinances: "by walking in defined public spaces, citizens come to know each other, and to watch over their collective security." Yet, there is no way to know whether citizens will indeed walk in these public spaces or whether, if they do, they will meet and get to know others. There is also no way to know whether citizens will perceive these spaces, in terms of collective security, as places that they are responsible for watching over.
It is important, therefore, that we begin by not using deterministic language (Haughton and Hunter 1994) . We must also recognize the contingent nature of all design and planning actions and that these actions interact with many other variables, especially the choices made by people.
PSYCHOLOGICAL AND SOCIAL SIGNIFICANCE OF DENSITY
The concepts of perceived density and crowding are grounded in a contextual approach to the study of the person-environment unit. This means that the theory and research on these concepts attempts to identify the conditions under which high density does or does not lead to negative effects on health, behavior, feelings, or attitudes. The difficulty in defining high density illustrates the importance of a contextual approach that incorporates all relevant physical, social, cultural, economic, geographic, ecological, technological, and personal aspects of a situation. There is great variation in terms of which aspect is relevant in a given situation and in what ways that aspect is relevant (Stokols 1987) .
Studies that have attempted to investigate the subjective aspects of density have a number of methodological limitations that must be taken into account. First, results from one environmental scale are often assumed to be relevant to other environmental scales. For example, most research has dealt with living density (density inside the home), which is clearly very different from residential density (density outside the home), whether at the building, street, or city level. Second, some of the research has been short term and conducted in laboratory-type settings in which "extraneous" variables are controlled. These studies suffer from serious problems of ecological validity (Stokols 1987) . Ecological validity suggests that the assumption that a phenomenon studied in a laboratory setting will be the same in a real-life situation is unjustified. A similar ca-veat is legitimate for past attempts to argue that one can learn about human behavior from animal studies. Third, it is not a simple task to define the relevant physical area for examination, particularly at the neighborhood scale. There is much evidence that indicates that residents' subjective definition of their neighborhood is often very different from the official definitions of their neighborhood's boundaries (Chaskin 1998; Rapoport 1997) . (See Churchman and Ginosar forthcoming for an attempt to deal with this problem.) It is also not clear that the neighborhood is a relevant and important setting for everyone in the same manner or to the same degree. The amount of time adults who work outside the home spend in a neighborhood is likely to be very different from the time spent by children, the elderly, and people without access to private or public transportation. Furthermore, each of these groups may experience different environments and different numbers of environments in their daily lives that have different levels of effective density. Thus, even if people nominally live in the same neighborhood, they may experience very different levels of density and combinations of densities over time. What does it mean if a person lives in a dense neighborhood but works in a very low-density environment? Or what does it mean if a person lives in a highdensity neighborhood and attends a high-density school, plays on a high-density playground, and walks in high-density streets?
Perceived Density
Perceived density is defined as an individual's perception and estimate of the number of cues in the environment that represent people and their activities. Factors contributing to perceived density are hypothesized to include the perceptual, associational-symbolic, and physical aspects of an environment; the temporal aspects of activities; and the sociocultural characteristics of actors and settings (Rapoport 1975) . The notion of perceived density is based on the fact that any environment offers cues that enable people to judge an environment's nature, the potential for action that an environment offers, and the behavior appropriate for that environment. Certain physical and social cues can be read and interpreted as indicating a high-density environment. Other cues can be read as indicating a less dense environment. In both cases, these cues are at least partly independent of the actual number of people per unit area (Rapoport 1977) . The degree to which a perceived environment makes demands on our attention and the level of information processing an environment requires are related to the degree of density that is perceived. These factors interact with a person's perceptual abilities because individual thresholds for visual or auditory stimuli may be very different. For example, a person who is blind will judge the level of information provided by an environment differently than a person who is not blind. However, such a judgment is not in itself an evaluation. Evaluation is the step during which the appropriateness of this level of density is assessed. Evaluation is the essence of crowding.
Physical variables are hypothesized to be related to perceived density by affecting the number of physical sensory stimuli in an environment that indicate the actual or potential presence of people. These physical variables include tight or open spaces; intricate or simple spaces; large or small building height to space ratios; numerous or few signs, lights, cars, and people (or their traces); the predominance of artificial versus natural elements or smells; high or low noise levels (Cooper Marcus and Sarkissian 1986; Rapoport 1975) ; and the presence or absence of nonresidential or mixed land uses (Vancouver City Planning Department 1978) .
Cooper Marcus and Sarkissian (1986) recommend a list of design variables that may serve to reduce perceived density. These design variables include a relatively small neighborhood size, greater spacing between buildings, visual and functional accessibility from a dwelling unit to open spaces, respect for privacy, division into small clusters, diverse elevation designs, fewer dwelling units that use the same building entrance, minimal noise infiltration, well-located community services, and convenient parking. The importance of the concept of perceived density is that it shows how physical phenomena can be manipulated in an attempt to increase the probability of greater or lesser perceived densities (Jacobs and Appleyard 1987) .
Crowding
The theoretical approaches and proposed hypotheses for the psychological and social significance of crowding and the research available that deals with crowding in the context of residential density are presented in this section. Crowding is the concept associated with the negative psychological and social significance of density. The inherent difficulty in defining the crowding experience stems from the fact that density, by itself, does not necessarily generate stress. A feeling of crowding may be occasioned by intrapersonal, interpersonal, or physical conditions or by the interaction between all of these conditions in a given situation. In high-density conditions, for example, stress may be experienced as a result of heat or noise, an overflow of social stimuli, an excess of interpersonal physical proximity, too many partners sharing an interaction, or some combination of all of these factors. The difficulty in identifying crowding lies in the complex conditions that give rise to stress at different levels of density.
The stress occasioned by crowding experiences may result in coping responses and in short-term and longterm psychological, physical, and physiological consequences. The individual effects of the feeling of crowding can consist of psychological, behavioral, and delayed cumulative responses. Psychological responses to distress include perceptual, cognitive, or emotional processes of adjustment or changes in attitudes toward other people. Behavioral responses may include assertiveness or psychological withdrawal, physical withdrawal (or the intent to withdraw) from the scene (Ginsberg and Churchman 1984) , attempts to change the environment or adapt to the demands of the situation, or changes in task performance or coping responses to diminish interpersonal interactions (Gifford 1997) . Delayed cumulative responses include changes in health and in performance that take place after the emergence of the feeling of crowding (Sundstrom 1978) . Cumulative effects may result from the stress itself, the effort expended during coping, the effort spent in adaptation, or some combination of these responses (Baum and Paulus 1987) . A cautionary note is called for because virtually all available data on these consequences are related to living density, not residential density (Altman and Rogoff 1987) . These consequences must, therefore, still be considered hypothetical.
Four theoretical models have been proposed to explain the conditions under which crowding will be experienced, the underlying processes of the crowding experience, and the mechanisms that account for the negative effects of high density. The behavioral constraint model holds that density that interferes with goal attainment, restricts or inhibits movement, and is generally noxious because of reduced freedom may be evaluated as crowding. The control-density model suggests that density that makes environments more unpredictable and allows less control over a situation and over privacy may be evaluated as crowding. The overload/arousal model suggests that a feeling of crowding results when density generates excessive stimulation that overwhelms the sensory systems. This causes an overload or overarousal of the nervous system. The density/intensity model indicates that high density may intensify existing life stresses and problems, such as interpersonal relations (Evans and Lepore 1992) . It is very probable that some combination of the four models operates simultaneously in any given situation.
Based on these models and on the results of empirical studies, researchers have suggested variables that may interact with density in such a way as to lead to a feeling of crowding. These variables can be divided into variables that pertain to the physical environment, to the social environment, to situational characteristics, and to the characteristics of the individual(s) involved in the situation. However, it is critical to recognize that these variables are interrelated and none operate independently, and many of them are culturally defined.
VARIABLES IN THE PHYSICAL ENVIRONMENT
Density. This is, of course, the necessary first variable. There is no existing research that addresses the question of how important net or gross residential density is to the experience of crowding. However, there is no direct relationship between density and crowding (Gifford 1997 )-this has been an accepted basic tenet since Stokols (1972) first distinguished between the two concepts.
Resources. The degree of inconvenience, competition, and stress generated by high density diminishes in proportion to increases in the number and quality of available physical resources and services, such as social services and public parks (Gifford 1997; Jain 1987) .
Community size. The possibility exists that the same density is experienced differently in large and small neighborhoods (Gifford 1997) . There may also be differences in reactions to different size projects that have the same density in terms of the number of dwelling units (Bonnes et al. 1991; Vancouver City Planning Department 1978) .
Housing type homogeneity. This variable may have an indirect effect in the sense that residents who live in similar housing may assume that they have similar lifestyles and norms of behavior (Gifford 1997; Merry 1987) .
Greater space between houses. Because this affords more privacy, it may enable residents to avoid conflicts between neighbors (Merry 1987) . (public and private) . Open space is important to people for many reasons. These reasons include the fact that open space provides opportunities for specific kinds of behavior and recreation, for privacy, for reducing perceived density, and, in some places, for indicating social status and quality of life (Bonnes et al. 1991; Merry 1987) .
Balance between built and open spaces
Weather. There is some indication that heat can intensify the negative evaluation of a given density (Ruback and Pandey 1992) .
Mixed land use. Proximity to commercial and industrial activities is found to be related to feelings of crowding (Fleming et al. 1987; Schmidt et al. 1979) .
Defense measures. Defense measures, such as erecting a tall fence or locking doors, are efforts to prevent interference that is caused by the presence of others. Recourse to a greater number of defense measures may mitigate the feeling of crowding (Jain 1987) .
Sensory overload. Sensory overload reduces an individual's capacity to attend to the stimuli important to a specific situation (Gifford 1997; Holohan and Wandersman 1987) .
SOCIOCULTURAL VARIABLES
Control. The ability to regulate social interactions and choose the frequency and duration of interpersonal contacts diminishes the feeling of crowding (Gifford 1997; Evans and Lepore 1992; McCarthy and Saegert 1978) .
Other people in the interaction. It matters whether other people in the interaction are family, friends, neighbors, strangers, similar, or perceived as not dangerous (Gifford 1997; Bonnes et al. 1991; Jain 1987) .
Ability to achieve different kinds of privacy. Selective social interaction, solitude, and anonymity are examples of different kinds of privacy. Sometimes a person needs solitude, but at other times a person may wish for various kinds and degrees of social interaction (Altman 1975) .
Primary or secondary environments.
A primary environment is an environment, such as home or work, in which a person spends a great deal of time, relates to other people in the environment on a personal level, and engages in important personal activities. Primary environments that have high densities may cause a person to feel a greater "psychological security" threat than anywhere else. Thus, the feeling of crowding in a high-density apartment is hypothesized to be greater than that experienced in a high-density neighborhood (Loo and Ong 1984; Stokols 1976) .
Source of interference. If a social interference or threat is perceived as deliberate and personal (originating from a particular person), crowding is experienced more intensely than when the interference is perceived as impersonal. Similarly, a breach of interpersonal distance norms may cause a more intense feeling of crowding when the breach seems intentional and not the result of physical conditions beyond a person's control (Russell and Snodgrass 1987; Stokols 1976) .
Cultural norms and expectations. It is widely assumed, and sometimes found, that culture plays a moderating role by defining coping mechanisms, acceptable distances for personal space, and appropriate densities for particular settings (Bechtel 1997; Jain 1987; Merry 1987; Rapoport 1977; Gillis et al. 1986 ). However, it is not clear what the nature of that moderating role is and whether it stands on its own or is linked with other variables (Loo and Ong 1984) . It is interesting to note in this regard that there are no words in the Dutch language for crowding and privacy (Stringer and Kremer 1987) .
Cultural heterogeneity or homogeneity. There are cultural and personal mechanisms for coping with highdensity situations. In situations in which there is much heterogeneity, it is possible that these coping mechanisms may fail because of differences in values and the absence of shared norms of behavior (Merry 1987) .
Perceived safety. In some situations, the presence of many others may be perceived as a threat. In other situations, it may be seen as affording safety (Bernard 1992; Jacobs 1961) . This depends on the other variables presented here.
Latent and manifest meanings or functions. Environmental elements may have latent meanings that are more culturally determined than their manifest meanings. Latent meanings relate to values, images, and symbolic landscapes that may be positively or negatively evaluated, regardless of density (Rapoport 1977) .
SITUATIONAL CHARACTERISTICS
Perceived density. The assumption is that a high perceived density is more likely to be related to crowding than a low perceived density. Nevertheless, it is also assumed that there is no simple and direct relationship between perceived density and crowding. It is the interaction between perceived density and other variables that may result in a negative evaluation (Gifford 1997; Rapoport 1975) .
Social or spatial density. Whether a specific high density is a function of large numbers of people or a function of a lack of space may make a difference in people's reaction to that density (Baum and Paulus 1987) .
Competition over resources. The perception of whether there are sufficient resources (e.g., services, transportation, and open space) for all may affect feelings of crowding (Jain 1987; Wohlwill 1985) .
Duration and frequency. Exposure to high density can be tolerated for a short time (e.g., an elevator ride), but extended exposure increases the probability of experiencing a feeling of crowding (Loo and Ong 1984) . On the other hand, extended periods of high density may be tolerable if a person knows how long exposure will last (Roberts 1978; Sundstrom 1978) .
Predictability. Adverse conditions will generate more stress when they are unpredictable (Sundstrom 1978) .
Choice. Choice involves whether a situation can be changed or whether a person is free to leave a situation (Bonnes and Secchiaroli 1995; Loo and Ong 1984) .
Behavioral freedoms or constraints.
To what extent does the presence of other people limit a person's behavior rather than offer more opportunities for social interaction (Evans and Lepore 1992; Roberts 1978; Saegert 1978 (Russell and Snodgrass 1987) .
INDIVIDUAL ASPECTS
Adaptation. People who grow up in a high-density building may adjust more easily to social stimuli and may prefer to live in a relatively high-density neighborhood. A history of intense or frequent social stimulation may result in greater tolerance for high-density conditions (Sundstrom 1978) and an improved ability to cope with high-density conditions. Adaptation may be expressed, for example, as satisfaction with a high-density neighborhood and its accessible physical services or as a wish to continue living in present conditions (Jain 1987 ).
Personal experience. There is some evidence from related research that people who experience a particular situation (e.g., high-rise living) are more favorable to it (Churchman and Ginsberg 1984a) .
Other intervening variables that may affect the feeling of crowding are personal characteristics such as gender (Bechtel 1997) , age (Merry 1987; Wohlwill 1987) , socioeconomic status (Bonnes and Secchiaroli 1995; Jain 1987) , lifestyle (Merry 1987) , stage in the life cycle (Churchman and Ginsberg 1984b; Michelson 1977) , personal preferences, expectations, attitudes, personality, and coping capabilities (Gifford 1997; Baum and Paulus 1987; Altman 1975) .
Attitudes Toward Density
To round out this discussion on the subjective aspects of density, it is important to look at the question of whether people (excluding planning professionals or decisionmakers) are willing to accept higher densities. There is not much direct research on this question, but there are some indications as to what the different attitudes might be.
In many countries-particularly the United States and Australia-the often unexamined assumption is that most people (or even everyone) would like a single-family home and that this inherently implies low densities (Gordon and Richardson 1997; Mullins 1995; Scully 1994; Audirac and Shermyen 1994) . However, Table 2 shows that single-family homes can and already do exist at various levels of density. Accepting the assumption that most people want a single-family home, some have attempted to intensify this building type to relatively higher densities. For example, using smaller lots and varying the shape and proportions of lots can double density from the typical seven to ten singlefamily homes per net hectare to seventeen to nineteen homes per hectare (Preiser 1992; Wentling 1991) . Encouraging the development of attached townhouses may increase net density from twenty-five to forty units per hectare (Alterman and Churchman 1998) . Constructing passive solar houses at forty dwelling units per hectare, instead of the typical twenty-five dwelling units per hectare, has been used to increase net densities in Great Britain (Owens 1992) . Audirac and Smith (1992) found that there are people who are willing to trade large lot sizes for more access to parks and recreation or for a more central and denser location. However, the increases in density that result from these approaches are relatively small. They cannot achieve the major goals and presumed advantages of high density that have been discussed in previous sections of this article.
Some suggest that low-density suburbs should be changed, not totally rejected. Van der Ryn and Calthorpe (1986a) suggest that there is a need to intensify the culture of suburbs rather than dismiss suburbs because they ostensibly lack culture. Troy (1996) similarly argues for the improvement of suburbs for teenagers rather than encouraging them to move to the cities. However, these suggestions ignore the question of whether any changes can be significant enough to achieve the goals of intensifying culture or improving the situation for teenagers. The list of the advantages of high density suggests that they cannot be. Furthermore, coming to some sort of conclusion about the merits of relatively low-density housing, even when it has been moderately intensified, requires revisiting the literature that identifies the problems of low-density suburbs for many groups in the population (Churchman 1993) .
The question then becomes whether people can be offered inducements that will affect their assumed preference for single-family homes and low density. Shlay (1985) argues that expressed preferences for singlefamily home ownership may actually be shorthand for other unrevealed preferences such as a preference for a middle-class status, a family-centered lifestyle, or a homogeneous residential suburb. Doyle (nd) argues that it may be possible to separate the desirable components of housing bundles (or particular characteristics that are often found together) and use those components to create new housing types based on new bundles. If, for example, many people associate higher densities with fewer residential amenities (e.g., ownership, open space, and parking), planning that offers these amenities at higher densities may be able to attract people to higher density areas. Woodhull (1992) contends that automobile traffic associated with high density is disliked most by people. He argues that, at present, much is done to make high-density living unbearable by, for example, locating high-density developments near freeways or not providing adequate services or green space. Converting a significant portion of the spatial resources consumed by the car to other land uses may increase the positive effects of high density and reduce the negative effects.
A number of studies have found that density is not necessarily the key issue for residents of multifamily housing. A report prepared by Lehman and Associates (1995) notes that the most important multifamily housing issues raised in public focus groups were building design, neighborhood integration, landscaping, visual appearance, and scale in terms of height, not density per se. Planners in Vancouver found that the number of units in a multifamily project was more important than density to user satisfaction (Vancouver City Planning Department 1978).
There are many people who choose to live in multifamily high-density housing for a variety of reasons, including location, life cycle stage, lifestyle (Mullins 1995; Michelson 1977) , relative cost (Mullins 1995; Audirac and Shermyen 1994) , and the social benefits of neighboring and of having a variety of friends for children (Churchman and Ginsberg 1984a) . Furthermore, there are many people who do not have the luxury of choice, either because of economic circumstances (Self 1997) or because of social or legal restrictions on where they are allowed to live.
There are some indications that people are willing to accept intensification and higher levels of density under certain conditions. For example, a study conducted in Vancouver found that residents in single-family areas were more willing to accept new infill high-density housing if it was clearly family housing, if it was an improvement over previous land uses, if it was accompanied by a community facility such as a park, and if it was located in areas that were already heterogeneous ( Vancouver City Planning Department 1986) . A study in Tel Aviv, Israel, found that residents were more open to gradual increases in scale-that is, increasing density by adding two additional stories to existing two-or three-story multifamily buildings-than to the construction of new high-rise buildings of sixteen or more stories (Churchman 1998) . In Paramount, California, a planning proposal for a high-density residential development policy of 148 multifamily dwelling units per acre was rejected by voters, but a proposal for a maximum of 54 dwelling units per acre was approved (DiMento et al. 1997) .
A number of researchers advocate low-rise, highdensity residential development as a good middle ground that offers social, economic, and ecological advantages (Alterman and Churchman 1998; Goodchild 1994; Cooper Marcus and Sarkissian 1986) . Low-rise, high-density developments may be able to achieve many of the advantages of high densities without the disadvantages, depending on intervening contextual variables and specific site, urban design, and land use planning. Breheny (1992a) cautions that these types of developments may require reducing open-space standards and the subsequent loss of green space. This is one of the disadvantages of low-rise, high-density development that needs to be prevented, if possible.
One way to attempt to ameliorate some of the negative aspects of high density may be to attempt to decrease perceived density. Any design or planning action that lowers the level of sensory stimulation that represents human activity or the potential for such activity could also decrease perceived density. An avenue worth exploring, but that receives virtually no attention in the literature other than a brief mention by Haughton and Hunter (1994) , is the use of underground space for more than just underground parking, infrastructure, or storage (Carmody and Sterling 1993) . There is good reason to hypothesize that many land uses, particularly uses that are affected by windows and sunlight (e.g., cinemas, theaters, and conference centers), would be acceptable candidates for underground development. Increasing the use of underground space would reduce density and conserve land.
It should be noted that there may be situations in which an increase in perceived density is useful. For example, an increase in perceived density could be used to enhance the perceived vitality and urban quality of an environment. An increase in perceived density should occur if actions opposite to those described above (with the exception of violating privacy) are used.
CONCLUSION
What lessons can be learned given the complexity of the meaning and use of the term density and the addition of the subjective terms perceived density and crowding? At the most basic level, density measures must be clearly and explicitly defined so that communication can take place and so that we can learn from each other's experiences. Second, real-world complexity and the interrelationships between variables and factors must be addressed in research on density as it is in practice. Real-world complexity includes a subjective element that is always present in people's behaviors, expectations, and attitudes (including those of decisionmakers, planning professionals, and researchers); thus, it must be taken into account. It is easier for planners to affect density and perceived density than to affect the subjective experience of crowding. However, planners have no choice but to try to address the implications of the intervening factors that are relevant to crowding. Another lesson is that no one solution will meet the needs of every situation, context, person, or group. Therefore, a variety of solutions (different types of settlements, neighborhoods, housing, and transportation) are essential to meet the needs between and within countries, regions, and towns. Solutions should be based on an understanding of the differences in needs and expectations of relevant groups so that they can offer choices that can meet these needs and expectations. A final lesson is that much more research is needed on the various aspects and ramifications of different kinds and levels of density. This is particularly true for the relationship between objective density, perceived density, and positive or negative subjective evaluations.
Planners will continue to use the term density because it is too good to resist. This article synthesizes research and practice literature in an attempt to provide a better understanding of the various ramifications of density so that its use is more considered. The hope is that a better understanding of density will result in more effective density-related planning. (Alterman and Churchman 1998) . Michal Mitrany served as research assistant for that literature review. NOTES 1. Many of the articles reviewed here are literature reviews. Thus, this literature review is even more extensive than the list of references suggests.
2. Another important kind of density, living density, relates to the number of persons per room in a dwelling. In this case, densityrelated problems involve questions about how a household is defined and which rooms are included in the density calculation. Some calculations include the kitchen and bathroom(s), others do not. This article focuses solely on residential density and does not deal with the questions of living density because living density is too important to be included here in a minimal way. Gaps in present knowledge on density include an understanding of how living density and residential density are related and whether a positive experience at one density level can compensate for a negative experience at the other level. It is also unclear which level of density is more important.
3. There is no indication whether this is a gross or net density figure. 4. No indication is given as to what height is considered problematic in this sense. Presumably, the cutoff point would vary and be context related. Alterman and Churchman (1998) suggest a cutoff point of greater than twelve stories for Israel.
